Energy levels, oscillator strengths, and transition probabilities, for the 1s 2 2s 2 2p 6 , 2p 5 3l (l = 0, 1, 2), 2p 5 4l (l = 0, 1, 2, 3) states in Ni XIX and Cu XX are calculated using COWAN code. The Correlation and relativistic effects are considered. The calculations are compared with other results in the literature. A good agreement is found. We also report on some unpublished energy values.
Introduction
Almost coincident with the first observations of laser action in the IR and visible spectral regions in the 1960s, the search started for lasers operating at much shorter wavelengths. Measurements of definitive high output lasing at wavelength shorter than the ultra-violet were elusive, until the mid 1980s when conclusive evidence for "X-ray laser" operating at 209 Å was produced from neon-like selenium [1] .
In recent years, due to their peculiar structure of closed shells, Ne-like ions have been widely applied in the laboratory and in astronomical plasmas. The laboratory application is shown by the successful X-ray laser in the energy level of 2p 5 3p-2p 5 3s of Ne-like ions based on the mechanism of collisional excitation of electros [2] . Since the 1990s, much progress in experimental techniques has been achieved, but experimental data of atomic parameters are still limited, and theoretical calculations are needed.
Computation of Atomic Structures

Model of Central Force Field
In quantum mechanics, various physical processes can be summed by Schrödinger equation, i.e.
In the non-relativistic case (the influence of relativistic effect will be discussed later), the Hamiltonian of an atomic system with N electrons is: 
Here H kin , H e-nuc and H e-e refer, respectively, to the kinetic energy of electrons, the Coulomb potential and the energy of electrostatic interaction of electrons, r i is the distance between the i-th electron and nucleus, and ij i j r r r = − . By substituting the Hamiltonian into Schrödinger equation and solving the equation in the case of multiple electrons and multiple energy levels, the wave function is obtained. Now, due to the appearance of the term of interaction of electrons, an exact solution cannot be obtained. On the other hand, the interaction term is comparable with the Coulomb potential term, so it can by no means be ignored. An approximate solution is to adopt the method of central force field. If it is assumed that every electron moves in the central force field of the nucleus and also in the mean force field produced by other electrons, then we have the following effective Hamiltonian:
( ) 
Method of Calculation
The key problem in the application of central field is to find an adequate potential function V eff . For this, in recent decades many effective method of calculation have been developed. Among them the more important ones are the potential model, Hartree-Fock theory, and the semi-empirical methods. In the following we present a brief introduction of semi-empirical methods.
Semi-empirical methods try to calculate atomic structures via solving the simplified form of the Hartree-Fock equation. The most typical is the Hartree-Fock-Slater method. Afterwards, Cowan et al. revised this method and developed the RCN/RCG program used in our work [10] . The merit of the program is its extreme effectiveness, and the shortcoming is its inability to estimate the precision.
Configuration Interaction
In the above-stated model of central force field, every electron can be described with a simple wave function. The overall wave function of atoms may be expressed with the following Slater determinant: In reality, such a description is not very precise. The best wave function should be a linear combination of wave functions with single configurations, and these wave functions possess the same total angular momentum and spin symmetry. This method is called the interaction of configurations. In the computation of atomic structures, consideration of the configuration interaction is the basis requirement for a program.
Relativistic Correction
In a non-relativistic system, the oscillator strengths and dipole transitions under LS-coupling can be calculated. In calculating forbidden transitions, jj-coupling must be used, and for this relativistic effects have to be taken into account. Generally speaking, the effects may be treated in two ways. One is inclusion of Breit-Pauli operator in the non-relativistic equation, and other is direct solution of the Dirac equation. For the former, a mass velocity term, the Darwin term caused by the electric moments of electrons and the spin-orbit term are added to the Hamiltonian of the model of central force field [11] . For relativistic correction, the program RCN/RCG restore to the Breit-Pauli correction.
Weighted Oscillator Strengths and Lifetimes
The oscillator strength f(γγ \ ) is a physical quantity related to line intensity I and transition probability W(γγ
with,
Here m is electron mass, e is electron charge, γ is initial quantum state,
is the number of degenerate quantum state with angular momentum J (in the formula for initial state).
Quantities with primes refer to the final state.
In the above equation, the weighted oscillator strength, gf, is given by Cowan [10] :
where g is the statistical weight of lower level, f is the absorption oscillator strength,
, h is planck's constant, c is light velocity, and a 0 is Bohr radius, and the electric dipole line strength is defined by:
This quantity is a measure of the total strength of the spectral line, including all possible transitions between m, m, for different J z Eigen states. The tensor operator P 1 (first order) in the reduced matrix element is the classical dipole moment for the atom in units of ea 0 .
To obtain gf, we need to calculate S first, (or its square root):
The probability per unit time of an atom in specific state J γ to make a spontaneous transition to any state with lower energy is ( ) ( ) 3l (l = 0, 1, 2) and 2p 5 4l (l = 0, 1, 2, 3) states. Our computation has yielded the energy level intervals of electric dipolar spectral transitions, oscillator strengths and transition probabilities. In our calculations of wave functions, the relativistic correction is taken into consideration. Our results are presented in Tables 1-6 . Some new and previously unpublished energy levels are given in energy level tables. 
Conclusions
This paper presents calculations of fine structure levels, oscillator strengths, and radiative decay rates for Nelike Ni and Cu ions. We show that there is a good agreement between our results which were obtained by using COWAN code and the other values from NIST. The analysis that has been presented in this work shows that electron collisional pumping (ECP) is suitable for attaining population inversion and offering the potential for laser emission in the spectral region between 50 and 1000Å from the Ni XIX and Cu XX. This class of lasers can be achieved under the suitable conditions of pumping power as well as electron density. If the positive gains obtained previously for some transitions in the ions under studies (Ni XIX and Cu XX) together with the calculated parameters, it could be achieved experimentally. A successful low-cost electron collisional pumping XUV and soft X-ray lasers can be developed for various applications. The results have suggested the following laser transitions in the Ni XIX and Cu XX plasma ion, as the most promising laser emission lines in the XUV and soft X-ray spectral regions.
